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PREFACE

NHTSA undertook rulemaking pursuant to the Pedestrian Safety Enhancement Act of 2010
(PSEA)to create a newederal motor vehicle safestandard (FMVSS3etting minimum sound

level requirements for lov@peed operation of hybrid and electric vehicETSA established
FMVSS No. 141,Minimum Sound Requirements for Hybrid and Electric Vehiate49 CFR
571.141 The standard is intended reduce the risk of pedestrian crashes, especially for the blind
and visually impaired, and to satisfy the mandate irPtBEA. FMVSS No. 14tequirescertain
vehicles toproduce sounds meeting the requirements of this stankgodd and electridow

speed vehicles (LSVs); hybrid and electric vehicles with gross vehicle weight ratings (GVWRS)
of 4,536 kg or less that apassenger cars, multipurpose passenger vehicles, trucks, buses
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APPENDICES

AppendixA, Quiet Vehicle Compliance Tool User Guide
(PDF document)

AppendixB, Quiet VehicleComplianceT ool source code
(PDFdocument portfolip

AppendixC, Quiet VehicleComplianceT ool installation packagé/ersion 2.0.2.0
(zip file containing software tool)
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FMVSS 141
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AMENDMENT
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DATE
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00

11/1918

81FR90416
and
83FR8182

02/13/2017
and
04/27/2018

Final Rule. Draft test
procedure  released O
NHTSA website.

N/A

N/A

85 FR 54273

08/28/2020

Interim final rule/request fo
comments. Phasa period
extendedNo changes to
performance requirements
or test procedure

01

10/16/2020
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Addedoptical sensors as
triggers detectable by the
compliance tool software.
Forupdates to compliance
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internal feedbacknd
indicant tests

Reformatted multiple areas
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PURPOSE AND APPLICATION
This document is provided by the National Highway Traffic Safety Administration (NHTSA),

Office of Vehicle Safety Compliance (OVSC) for the purpose of presenting procedures for
uniform testing and providing suggestions for the efsspecific equipment for contracted
testing laboratories. It contains requirements based on the test procedures specified in the
Federal Motor Vehicle Safety Standard(s) (FMVSS) and any applicable safety Regulations.
The OVSC test procedures includeuggments that are general in scope to provide flexibility

for contracted laboratories to perform compliance testing and are not intended to limit or
restrain a contractor from developing or utilizing any testing techniques or equipment which
will assist n procuring the required compliance test data. These test procedures do not
constitute an endorsement or recommendation for use of any particular product or testing
method.

Prior to conducting compliance testing, contracted laboratories are requiretnit &

detailed test procedure to the Contracting Officer's Representative (COR) to demonstrate
concurrence with the OVSC laboratory test procedure and the applicable FMVSS. If any
contractor views any part of an OVSC laboratory test procedure to banfliccwith a

FMVSS or observes deficiencies in a laboratory test procedure, the contractor is required to
advise the COR and resolve the discrepancy prior to the start of compliance testing or as soon
as practicabl e. T h e dodutlé astepytstep déssripttoreafthe pr o ¢ «
methodology and detailed cheok sheets. Detailed cheaif sheets shall also be provided

for the testing instrumentation including a complete listing of the test equipment with make
and model numbers. Thetlisf test equipment shall include instrument accuracy and
cali bration dates. Al l equi pment shall be
instructions. There shall be no contradictions between the laboratory test procedure and the
c ont r a-bduse test procedure. Written approval of thkanse test procedures shall be
obtained from the COR before initiating the compliance test program.

NOTE: The OVSC Laboratory Test Procedures, prepared for the limited purpose of use by
independent laoratories under contract to conduct compliance tests for the OVSC, are not
rules, regulations or NHTSA interpretations regarding the meaning of a FM8®VSC
Laboratory Test Procedures do not carry the force or effect of the law nor are they
intendedto bind the public in any way, except that they may be binding on a government
contractor consistent with the terms of their contract The laboratory test procedures are

not intended to limit the requirements of the applicable FMVSS(s). In some case¥,3fe
laboratory test procedures do not include all of the various FMVSS minimum performance
requirements. In addition, the laboratory test procedures may specify test conditions that are
less severe than the minimum requirements of the standard. Thetdapoeat procedures
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may be modified by the OVSC at any time without notice, and the COR may direct or
authorize contractors to deviate from these procedures, as long as the tests are performed in a
manner consistent with the standard itself and withistlope of the contract. Laboratory test
procedures may not be relied upon to create any right or benefit in any person. Therefore,
compliance of a vehicle or item of motor vehicle equipment is not necessarily guaranteed if
the manufacturer limits its cdlitation tests to those described in the OVSC laboratory test
procedures.
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GENERAL REQUIREMENTS

To reduce the risk of pedestrian crashes, especially for the blind and visually impaired, and
to satisfy the mandate in the Pedestrian Safety Enhanceme®3%€A] of 2010, FMVSS

No. 141, Minimum Sound Requirements for Hybrid and Electric Vehiadstablishes
minimum sound requirements for hybrid and electric vehiclé®e standard requires
certain hybrid and electricvehicles to produce sounds meeting thgeformance
requirements ofhe standard hybrid and electric low speed vehicles (LSVs); hybrid and
electric vehicles with gross vehicle weight ratings (GVWRSs) of 4,536 kg or less that are
passenger cars, multipurpose passenger vehicles, trucks, Boisé® purposes of this
standard, ybrid vehicles include only those hybrid vehicles that are capable of propulsion
in any forward or reverse gear without the
Applicable vehicles must meet specified audible alequirements for detection and
directivity during critical operating scenarios includirsgationary, reverse, and constant
speeds up to 30 km/h. Applicable vehicles must also meet relative volume change
requirements that signify vehicle acceleration aedeleration. Furthermore, any two
vehicles of the same make, maaebdel yearbody type, and trim levehust use the same
pedestrian alert system and soumnder the same test conditions

METRIC SYSTEM OF MEASUREMENT

Section 5164 of the Omnibus T&and Competitiveness Act (Pub. L. 4B) establishes

that the metric system of measurement is the preferred system of weights and measures for
trade and commerce in the United States. Executive order 12770 directs Federal agencies
to comply with the A&t by converting regulatory standards to the metric system after
September 30, 1992. In a final rule published on March 15, 1990 (60 FR 13639), NHTSA
completed the first phase of metrication, converting English measurements in several
regulatory standarde the metric system. Since then, metrication has been applied to other
regulatory standards (63 FR 28912).

Accordingly, the OVSC laboratory test procedures include revisions to comply with
governmental directives in using the metric system. Regulatandards converted to
metric units are required to use metric measurements in the test procedures, whereas
standards using English units are allowed to use English measurements or to use English
measurements in combination with metric equivalents in dazses.

All final compliance test reports are required to include metric measurements for standards
using metrication.

NOTE: The methodology for rounding measurement in the test reports shall be made in
accordance with ASTM E20 6 b i St a nfdrdJsiry Signifieact Digits ia Test
Data to Determine Conformance with Specifi
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SECURITY

The contractor shall provide appropriate security measures to protect the OVSC test
vehicles and Government Furnished Property (GFP) from unauthorizeshpelrsiuring

the entire compliance testing program. The contractor is financially responsible for any
acts of theft and/or vandalism which occur during the storage of test vehicles and GFP.
Any security problems which arise shall be reported by teleploathe industrial Property
Manager (IPM), Office of Acquisition Management, within two working days after the
incident. A letter containing specific details of the security problem shall be sent to the
IPM (with copy to the COR) within 48 hours.

The contrator shall protect and segregate the data that evolves from compliance testing
before and after each vehicle test. No information concerning the vehicle safety compliance
testing program shall be released to anyone except the COR, unless specificallyealitho

by the COR or the COR's Division Chief.

NOTE: No individuals, other than contractor personnel directly involved in the compliance
testing program or OVSC personnel, shall be allowed to witness any vehicle or equipment
item compliance test or testmmy calibration unless specifically authorized by the COR.

GOOD HOUSEKEEPING

Contractors shall maintain the entire vehicle compliance testing area, test fixtures and
instrumentation in a neat, clean and painted condition with test instruments airaaged
orderly manner consistent with good test laboratory housekeeping practices.

TEST SCHEDULING AND MONITORING

The contractor shall submit a test schedule to the COR prior to conducting the first
compliance test. Tests shall be completed at intensalequired in the contract. If not
specified, the first test shall be conducted within 6 weeks after receiving the first delivered
unit. Subsequent tests shall be completed in no longer that 1 week intervals unless
otherwise specified by the COR.

Scheduling of tests shall be adjusted to permit vehicles (or equipment, whichever applies)
to be tested to other FMVSSs as may be required by the OVSC. All compliance testing
shall be coordinated with the COR in order to allow monitoring by the COR and/or other
OVSC personnel if desired. The contractor shall submit a monthly test status report and a
vehicle status report (if applicable) to the COR. The vehicle status report shall be submitted
until all vehicles are disposed of. The status report forms are prawitleelforms section.
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TEST DATA DISPOSITION

The Contractor shall make all preliminary compliance test data available to the COR on
location within 30 minutes after the test. Final test data, including digital printouts and
computer generated plots (if@cable), shall be available to the COR in accordance with
the contract schedule or if not specified within two working days. Additionally, the
Contractor shall analyze the preliminary test results as directed by the COR.

All backup data sheets, stripach t s , recordings, pl ot s, tect
either sent to the COR or destroyed at the conclusion of each delivery order, purchase order,
etc.

TEST DATA LOSS
INVALID TEST DESCRIPTION

An invalid compliance test is en which does not cdarm precisely to all
requirements/specifications of the OVSC Laboratory Test Procedures and Statement of
Work applicable to the test.

INVALID TEST NOTIFICATION

The Contractor shall notify NHTSA of any test not meeting all requirements/specifications
of the OVSC Laboratory Test Procedure and Statement of Work applicable to the test, by
telephone, within 24 hours of the test and send writtercentdi the COR within 48 hours

of the test completion.

RETEST NOTIFICATION

The Contracting Officer of NHTSA ithe only NHTSA official authorized to notify the
Contractor that a retest is required. The retest shall be completed within 2 weeks after
receipt of notification by the Contracting Officer that a retest is required.

WAIVER OF RETEST

NHTSA, in its sole dicretion, reserves the right to waive the retest requirement. This
provision shall not constitute a basis for
any requirement.

TEST VEHICLE

NHTSA shall furnish only one vehicle for each test ordered. Ther&ctor shall furnish

the test vehicle required for the retest. The retest vehicle shall be equipped as the original
vehicle. The original vehicle used in the invalid test shall remain the property of NHTSA,
and the retest vehicle shall remain the prgpeftthe Contractor. The Contractor shall
retain the retest vehicle for a period not exceeding 180 days if it fails the test. If the retest
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vehicle passes the test, the Contractor may dispose of it upon notification from the COR
that the test report hasdreaccepted.

F. TEST REPORT

No test report is required for any test that is determined to be invalid unless NHTSA
specifically decides, in writing, to require the Contractor to submit such ré@pertest

data from the invalid test must be safeguarded th@idata from the retest has been
accepted by th€OR The report and other required deliverables for the retest vehicle are
required to be submitted to tEORwithin 3 weeks after completion of the rdtes

G. DEFAULT

The Contractor is subject to the défeand subsequent reprocurement costs for non
delivery of valid or conforming tes{pursuant to the Termination Foefault clause in
the contract).

H  NHTSAG6S RIGHTS

None of the requirements herein stated shall diminish or modify the rights of NHTSA to

determine that any test submitted by the Contractor does not conform precisely to all
requirements/specifications of the OVSC Laboratory Test Procedure and Statement of
Work applicable to the test.
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GOVERNMENT FURNISHED PROPERTY (GFP)
GFP consist of test vetlesand test equipmenthe GFRs authorized by contractual

agreementThe contractor is responsible for the following.

ACCEPTANCE OF TEST VEHICLES

The contractor has the responsibility of accepting each GFP test vehicle whether delivered
by a new veldle dealership or another vehicle transporter. In both instances, the Contractor
acts on behalf of the OVSC when signing an acceptance of the GFP test vehicle delivery
order. When a GFP vehicle is delivered, the contractor must verify:

1) All options listedon t he fAwindow stickero are pres
2) Tires and wheel rims are new and the same as listed.
3) There are no dents or other interior or exterior flaws in the vehicle body.
4) The vehicle has been properly prepared and is in running condition.
5) The gl ove b ox contains an owner 0s ma n u
information, and extra set of keys.
6) Proper fuel filler cap is supplied on the test vehfglequipped.
7) Spare tire, jack, lug wrench and tool kitgpplicable) is located in the veleatargo
area.
8) The VIN (vehicle identification number) on the vehicle condition report matches
the VIN on the vehicle.
9) The vehicle is equipped as specified by@@R

A Vehicle Condition form will be supplied to the Contractor by @@R when the test
vehicle is transferred from a new vehicle dealership or between test contracts. The upper
half of the form is used to describe the vehicle as initially accepted. The lower half of the
Vehicle Condition form provides space for detailed description of thet@sistondition.

The contractor must complete a Vehicle Condition form for each vehicle and deliver it to
the CORwith the Final Test Report or the report will NOT be accepted for payment.

If the test vehicle is delivered by a government contracted tretespihe contractor should
check for damage which may have occurred during tra@§&iE vehicle(s) shall not be
driven by the contractor on public roadways unless authorized I§QRe

NOTIFICATION OFCOR
TheCORmMust be notified within 24 hours afi@wvehicle (and/or equipment item) has been

delivered. In addition, if any discrepancy or damage is found at the time of delivery, a copy
of the Vehicle Condition form shall be sent to @®@Rimmediately.
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CALIBRATION OF TEST INSTRUMENTS

Before the Contctor initiates the vehicle safety compliance test program, a test
instrumentation calibration system must be implemented and maintained in accordance
with established calibration practices. The calibration system shall include the following
as a minimum:

Standards for calibrating the measuring and test equipment shall be stored and used under
appropriate environmental conditions to assure their accuracy and stability.

All measuring instruments and standasiwll be calibrated by the Contractor, or a
commercial facility, against a higher order standard at periodic intervals not exceeding 12
months for instruments and 12 months for the calibration standards except for static types
of measuring devices such as rulers, weights, etc., which shall be cdliatgieriodic
intervals not to exceed two years. Records, showing the calibration traceability to the
National Institute of Standards and Technology (NIST), shall be maintained for all
measuring and test equipment.

Accelerometers shall be calibrated ev&® months or after a test failure or after any
indication from calibration checks that there may be a problem with the accelerometer
whichever occurs sooner.

All measuring and test equipment and measuring standards shall be labeled with the
following information:

1) Date of calibration
2) Date of next scheduled calibration
3) Name of the technician who calibrated the equipment

A written calibration procedure shall be provided by the Contractor, which includes as a
minimum the following information for all meagement and test equipment:

1) Type of equipment, manufacturer, model number, etc.
2) Measurement range

3) Accuracy

4) Calibration interval

5) Type of standard used to calibrate the equipment (calibration traceability of the
standard must be evident)

6) The actual proedures and the forms used to perform the calibrations
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E. Records of calibration for all test instrumentation shall be kept by the Contractor in a
manner that assures the maintenance of established calibration schedules.

F. All such records shall be readily aladle for inspection when requested by @@R The
calibration system shall need the acceptance d€@R before vehicle safety compliance
testing commences.

G. Test equipment shall receive a system functional check out using a known test input
immediatey before and after the test. This check shall be recorded by the test technician(s)
and submitted with the final report.

H. The Contractor may be directed by NHTSA to evaluate its data acquisition system.
Further guidance is provided in the Internationaan8ard 1ISO 10012 |, AQual ity
Assurance Requirements for Measuring Equi
ANSI/NCSL 75401 , ACali bration Laboratories and

Gener al Requirements. 0

NOTE: Inthe event of a failuretomeettherstd ar d6s mi ni mum per f or ma
additional calibration checks of some critically sensitive test equipment and
instrumentation may be required for verification of accuracy. The necessity for the
calibration will be at th€OR6 s d i s ¢ r e beiperformedwithous duditiornal cost.
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SUGGESTEDTEST EQUIPMENT

. Acoustic sound measurement sysfemmeasuring the sound pressure lenektbe a

sound level meter or equivalent measurement system meeting the requirements of Class 1

instruments pelEC 616721 (Bru e | & Kj aer No rRadsby Bysterwasc a
used in the development of this proceduféree microphones are required for this
procedure.

. Acoustic sound measurement system sound calikttaofulfills the requirements of
Class 1 soum calibrators pelEC 60942

. Quiet VehicleCompliance Too(see Appendices-£) to conduct the analysis of the
valid sound filesincluding ambient sound filer compliance to FMVSS No. 141The
Quiet Vehicle Compliance Tod a government supplied MAAB basedprogramwith
parameters set in accordance wiith following table:

Parameter Settings
General Settings:
Re-Sampling FreQUENCY™ .......c.oiiiiiiieiie i s 44.1 kHz.
Processing WINGOW .........coouiiiiiiiiieiieiee sttt sttt sb e s enees Test Scenario Dependent.
ACOUSHIC WEIGNTING ....eiitieieie ettt e A.
Overall Sound Pressure Level Settings:
Frequency span ............... 24000 Hz.
Overall Averaging . None.
AVETAGING HIME ..eiiiiiiiiiie e e None.
One-Third Octave Band Analysis Settings:
Bandwidth (Fractional OCLaVE) ...........ccoiiiiiiiiiiiiiie et 160 Base 10 Exact.

Upper Nominal Center Frequency

Lower Nominal Center Frequency 315 Hz.
Type of Octave Band AVETAgiNg .......coceeieeiuiriuieiieeieeseeaieeseeesteesteeesaeesaeesseeeneeas Exponential.
Type of Time Weighting .........ccccoceeveeenne Fast.
Averaging Time .....cccceeveeiieiieenie e 1 seconds.

Tau (TIME CONSLANT) ...cviiiiiiiiiiiie ettt 1@ seconds (Fast).

*The compliance tool is designed to sample at a rate of 65,536 Hz, but re-samples signals at 44.1 kHz to allow for the
use of lower sampling frequencies.

. Speed measurement devtoemeasure vehicle speed during the constant speedbypass
testsmustbe capable of continuous measurement of speed withib km/ h over the
entire measurement zofwhich is defned as the portion of the test track between lines
AA6 and BBO)

. Two opticalsensorgompatible with the sound measurement system to mark the region
of interest in the recording during pasgtesting.

Meteorological instrumentatiomeetng the following specifications+ 1 °C or less for a
temperature measuring devieel.0 m/s for a wind speetieasuring devicet 5 hPa for
a barometric pressure measuring devic®;% for a relative humidity measuring device.

G. Measurement devices for test site s€tig. tape measure).

. Vehicle scale

nB&
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PHOTOGRAPHIC DOCUMENTATION
DIGITAL PHOTOGRAPHS

The contractor shall take digital photographs of the test execution procedures. Photographs
shall be taken in color and contain clear images. A tag, label or placatidyidg the test

item, NHTSA number (if applicable) and date shall appear in each photograph and must
be legible. Each photograph shall be labeled as to the subject matter. The required
resolution for digital photographs is a minimum of 1,600 x 1,200 IqixBigital
photographs are required to be created in color and in a JPG format. Glare or light from
any illuminated or reflective surface should be minimized while taking photographs.

The test reports should include enough photographs to describetithg iesletail and

should be organized in a logical succession of consecutive pictures. The digital
photographs should be included in the test report as 203 mm x 254 mm or 215.9 mm x 279
mm (8 x 10 or 8 %2 x 11 inch) pictures. All photographs are requiréé included in the

test report in the event of a test failure. Any failure must be photographed at various angles

to assure complete coverage. Upon request, the photographs should be s&t®®Rdhe

a CD or DVD and saved urathaathefdigitlglbtograpispré f or
the exact pictures taken during testing and have not been altered from the original
condition.

PHOTOGRAPHIC VIEWS

As a minimum the following test photographs shall be included in each vehicle final test
report, subntted by the contractor:

¥ Frontali left side view of the test vehicle

¥ Reaii right side view of the test vehicle

Vehicle certification label

Vehicle placard (titled, ATire and Load
Tire inflation pressure label, if provided (optionabél)

Closeup view(s) of test instrumentation mounted on the outside of the vehicle
Closeup view(s) of test instrumentation mounted on the inside of the vehicle
View(s) of microphone setup for stationary testing

View(s) of microphon&nd sensosetup fompassby testing

Wide view of full test area set up for pasgtesting

Any damage or apparent test failure that cannot be seen in the above photographs

ASTIOMMOO®>
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DEFINITIONS

BAND OR ONETHIRD OCTAVE BAND

One of thirteen onthird octave bands having nhominal centeequencies ranging from
315 to 5000 Hz. These are Bands 25 through 37 as defined in Table ABaktid
Frequencies for On&hird-OctaveBand and Octav8and Hlters in the Audio Range, of
ANSI S1.112 0 0 4 : A Speci f iBand &nd &ractiohactave Bantd Analeg
and Digital Filterso.

BAND SUM

The combination of Sound Pressure Levels (SPLs) from selected bands that produce an
SPL representing the sound in all of these baBdsd sum is calculated with the

following equation(whereSPL is the ®undpressure levah each selected band)

bOEWapni ¢ pm 7

BODY TYPE

The general configuration or shape of a vehicle distinguished by such characteristics as the
number of doors or windows, cargarrying featves and the rooflinde.g., sedan,
fastback, hatchback).

dBA

A-weighted sound pressure level in decib#isthis procedure dBA is used for overall,
onethird octave, and band sum levels. dB is used only when no standard weighting affects
the value (e.gwhen differences between otierd octave band levels are reported).

ELECTRIC VEHICLE
A motor vehicle with an electric motor as its sole means of propulsion.

FRONT PLANE
A vertical plane tangent to the leading edge of the vehicle during forward operation

HYBRID VEHICLE

A motor vehicle which has more than one
propulsion system can propel the vehicle in the normal travel mode in at least one forward
drive gear or reverse without the internal combustion engiastpg.

REAR PLANE
A vertical plane tangent the leading edge of the rear of the vehicle during operation in
reverse.

REFERENCE SOUND PRESSURBj
The reference sound pressure is 20 mRRagcals for airborne sound.
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SOUND PRESSURE LEVE(SPL)
Logarithm of the ratio of a given sound press{iReto the reference sound press(i?g).

"YOO¢gm T C— ,indB

TRIM LEVEL
A subset of vehicles within the same model designation with the same body type which are
alike in their generdl e v e | of standard equi pment, such

model.Vehicles with only minor trim differences that are unlikely to affect veraohitted
sound are not considered different for the purposes of this safety standard.
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12. PRETEST REQUIREMENTS

12.1 GENERAL TEST PREPARATION

A. Verify CORapproval of Contxt ¢ t o -hause test procedure.

B. Verify the training of technicias for performance of this test.

C. Verify the calilyation status oéll test equipment.

D. Verify availability of document that indites sound pad test surface meets the
requirements of ISQ0844:1994, ISO 10844:2011, or ISO 10844:2014

E. Review gplicable revision of FMVSS 141.

F. Review vehicle Owner 6s Mang.al (or equip
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12.2 TEST FACILITY AND CONDITIONS
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Figure 1: Test site dimensions. dapted from SAE J2884. Modifications include addition of a front
microphone used only during stationary/directivity measures and optical sensors to record trigger signals for

passhy tests.
A. Facility Layout

1) The testrack and microphone positionsustbe configuredas shown irFigurel.

2) The distance fromachmi cr ophone on
CCO6 on the test

track sh

t he |

all be 2.0m N
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3)

4)

5)

6)

7)

Each microphonshall be locatedt a height of..2m + 0.02m above the ground level.
Forthe left and rightmicrophones, the reference direction for free field conditions as
specified iNEC 616721 shall be horizontal and directed perpendicularly towards the
path of tie vehiclei.e.,] i ne CCO.

Sensors shall be placed a6 a-R ds sown irfFigurel to detect when the vehicle

crosses each of those positions during {bgscordings. The sensors shall record

trigger signals on a single ai@el available to the compliance tool software marking the
beginning and end dhe analyzeddatainterval Note that these triggers are not intended

to directlyinitiate/end recording because additional data should be collected before the

vehicle passesA6 and after tPhe twe heincalbd ep aaspsperso pR i a
the dataAt the option of the tester, the start and end of the recording may be triggered by
additional sensors placed atmppriate distances fromP 6 , the oecordingstart/end

may be managelly other meange.g. manually starting and stopping the recordings)

Test set up for directivity measuremshgll includean additionamicrophone placed on

the 1| i n£006mfoéo,r waam d of t he | i £6.02mdabde at a hei
ground level.Forthis third microphongthe reference direction for free field conditions
shall be horizontal and directatbngt he pat h of the wvehicle | in

Thetest surfacshallmeet the requirements (80 10844:1994, ISO 10844:2011, or ISO
10844:2014

The areawithin a 50m radius around the sound pad should be frieegereflecting
objects(e.g, trees or buildings)

Facility Conditions

1)
2)

3)
4)
5)

Theambient temperaturghallbe between 5 °C (41 °F) and 40 °C (104 °F).

The maximum wind spl at the microphone heigstiall beno greater than 5 m/s
(11mph), including gusts.

The testracksurfaceshall bedry with no precipitation
The est track sall beclean of rocks and other debris.

Testing should occur under conditions that minimixdi@ntsoundat the facility.
Background noise will be measured and reported.

H

NHTSAO6s experience, this may involve taking measur e
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12.3 TEST VEHICLE INSPECTION AND TEST PREPARATION (DATA SHEET 1)

A.

B.

Inspect test vehicldDbocumentll required test vehicle information.
Check vehicle fluids and adjust to the peofevels for operation.

Document vehicle installed tirgize includingmakeandmodel. All tires must be new.

The vehicle must be tested with the tires installed on the vehicle at the time of initial vehicle

sal e. From t he v e hiTicellrdlaien PiedsweclLalreld ideotify the pt i o |
vehiclebds designated t isizeenstaledoretifevehicleitNot i f y
different from the manufacturerescommended tire size specified on the vehicle labels and
request further guidance loeé proceeding.

Ensure the vehicle does not make any unintended sdbatsre not characteristic of
normal vehicle operatiowhile stationary or in motion (e.g. squeaky braké#tify COR
if anything out of the ordinary is identified.

Measure vehie curb weightind vehicle test weightest weight, including the driver and
instrumentationshall be evenly distributed between the left and right side of the vehicle
and wil |l not exceed the vehicleds GVWR or
trucks, and buses with a GVWR of 4,536 kg (10,000 pounds) or less, the vehicle test weight

is the unloaded vehicle weight plus 180 kg (396 pounds); (2) For LSVs, the test weight is
the unloaded vehicle weight plus 78 kg (170 pounds).

During orpriortocondii oni ng, inspect the owner s man:!
of the gear and mode (e.g. eco mode, sport nraademated parking/driving featuresc.)

options availabléo provide forward/reverse propulsidpualitativelyobservavhether any

of the gear selections or modes substantially alter the sound emitted from the vehicle to

help inform selection of gears/modes for the test. Communicate with the COR for guidance

if any gear/mode appears to substantially alter the sound emitted from the velicle

manner that might affect test results

Tires are conditioned by driving the test vehicle around a circle 30 meters (100 feet) in
diameter at a speed that produces a lateral acceleration of 0.5 to 0.6 g for three clockwise
laps followed by three countdockwiselaps.

Vehiclebébs electric propul sion batteries, i
to enable all key functionalities per the I
shall be within their componeté¢mperature widow to enable all key functionalities that

could reduce vehicle noise emissions. Any other type of rechargeable energy storage
system shall be ready to operate during the test. If propulsion batteries must be recharged
during testing to ensure internabmbustion engine does not activate, manufacturer
instructions will be followed.
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12.4 TEST INSTRUMENTATION SETUP AND CHECK

A. Instrument vehicland configure test track equipment

B. Ensuretest equipmens secured so as not to shift position during tests aayd
associated wires or cables must be secured inside of the test vehicle.

C. Checktest track instrumentation functionality and positioning
D. Checkvehicle onboard instrumentation functionality and positioning
E. Calibrate acoustical measurement equipmentd@medment calibration

12.5 PRE-TEST CHECKLIST (DATASHEETS2, 3,4,5and %

Document each of the following iterbefore each test seri@e., stationary, reverse, 10, 20
and 30 km/h pashy tests)

A. Document environmental conditions (i.e., ambient tempegatvind speed and track
surface conditions).

B. Verifyallvehi cl ebs door s ar e andnodfopanmgarekhotc k ed an

C. Verify all accessory equipment (air conditioner, wipers, heat, HVAC fan, audio/video
systems, etc.) that can be shut dpane shubff. Propulsion battery cooling fans and
pumps and other components of the vehicl ed
system are not considered accessory equipment. During night time testing test vehicle
headlights may be activated.

D. Verify all tiresaref r ee of all debri s and each tireods
For passenger cars, and MPVs, trucks, and buses with a GVWR of 4,536 kg (10,000
pounds) or less, the inflation pressure specified on the vehicle placard in FMVSS No.

110; (2) For LSVs, the inflation pressure recommended by the manufacturer for GVWR,;
if none is specified, the maximum inflation pressure listed on the sidewall of the tires.

E.Verify that the vehicleds propubssi on syste
applicable.
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COMPLIANCE TEST EXECUTION

Personnel supervising and/or performing the compliance test program shall be thoroughly
familiar with the requirements, test conditions, and equipment for the test to be conducted.
Testing will be accomplishedsandicated below. Test personnel shall make note of all
discrepancies and deviations from the applicable FMVSS and this Laboratory Test Procedure.

13.1 STATIONARY TEST (DATA SHEET 2)

A.
B.

Document ambient environment conditions (i.e., temperature, wind spedihalk)y

Verify all tiresareinflated to the manufacturer recommended inflapogssureRecord
tire pressure, fuel level, and battery levels as applicable.

Verify that there are nexternal environmental sounds that aaerferewith collection
of acausticdata Ready driver, test personnel, vehicle onboard equipment, and test site
instrumentation for the commencement of audio collection.

Immediatelybefore beginning the first stationary tese acoustic sound measurement
systemto measure the ambintsoundfor at least 3&econds. Gllect separate ambient
sounds from the left, right, and front microphones.

Positiont est vehicle with the front plane at th

CC6. For vehicles equippmed wihteh va hPar le 650 g
660Parké66 and engage the parking brake. For
pl ace the vehiclebds gear selector in O606Neu

Place and secure wheel chocks in front of baihtfivheels to secure vehicle against
forward movement.

. Activate thet e st  vpeopuision sgsi@rdPoweroff all auxiliary dectrical systems

(e.g.,air conditioner, wipers, heat, HVAC fan, audio/video systems, eitig¢se systems
should remain off dung compliance testing

. For vehicles equipped with a Park position for the gear selector, after activating the

starting system to energize the vehicl ebs
application of the service brake, disengage the vehalking brake and then place the
vehicl eds ingalgear tisaenhag praviderforward propulsion, including

neutral Observe any changes in noise emission qualitatively in each of the gear positions

and driving modes (e.g. eco or sport moddghe vehicle seems, based on the

judgement of the tester to emit less sound in a particulaingede select that gear for

testing. Otherwise, select a single geerdefor testing at the discretion of the testeor

vehicles not equipped with a Park pmsitfor the gear selectare., vehicles with a

manual transmission af t er acti vating the starting sy
propulsion system, apply and maintain a full application of the service brake, disengage

the vehicle parking brake, disemmgathe manual clutch (fully depress and hold the clutch
pedal ), and place the vehi,dolowigshegamar sel ec
selection process described ahdvecord the gear selected for testing on the datasheet.
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I.  Usingtheacoustic soundtheasuremergystemrecord sound levels for a duration of 10
seconds using all three microphon&auring the test, the test technician should closely
observereattime the SPLvaluesversus time plot of the acoustic sound &led make
note of any extragpus unwanted noisés.g. chirping birds, overhead planes, trains, car
doors being closed, etdhat were measureahd recordeda | ong wi t h t he vehi
sound. If the test technician believes the sound file collected has been contarthiaated
sownd recording should be discarded and the test should be refgeatadset of sound
files measured and recorded that the test technician believes are not contaminated are
considered valid and should be saved.

J. For vehicles equipped with a Park positiogple t he vehicleds gear s
and engage the parking brake. For vehicles not equipped with a Park position, place the
vehiclebs gear selector in O66Neutral 86 and
vehicleds propul sion system.

K. Savethe reeorded soundlatacollected in step (onechannekorresponding to each of
the three microphones used during the tégglid datafiles shouldidentify microphone
position and chronological order as collectédr stationary fileshat combine data from
each microphone into a single file (unless noted otherwise in the test répeditst
channel shall be the left (driver side) microphone, the second channel shall be the right
(passenger side) microphone, and the third channel shall be the frorthmoiceo

L. RepeatGos ttehprsmuiigle vien ti mes, i dentifying eact
(e.g. TestLT Test8).

M. Verify that at least four valid test results withi®® @BA have been collected using
acoustic sound measurement system. If at leastofitthe eight tests yield valigst

resultswithin 2.0 dB, proceed to stefiNo. Ifnot, r ep e@d tshré&pwghti | a
total of at least four valid test results have been acquicedinung tonumber tests
sequentially.

N. Removethevehiclefran t he t est area boundlésohgthey t he | i
acoustic sound measurement systemmasure the ambiesbundfor at least 30 seconds
immediately following the&eompletionof the last test of thstationary tesseries Collect
separate ambiemeasurementsom the left, right, and front microphones.

O. Save the ambient sounecording for the Test Seriegiles that combine all
microphones shall follow the structure specified above in step K.

P.Using t he c¢ QugVehideComplarce® do i o (r e fl%verifyo sect
if the stationary test condition alert sound meets either-thend or 4band 1/3 octave
band requirements of FMVSS No. 141.
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13.2 REVERSE TEST (DATA SHEET 3)

A.
B.

C.

Document ambient environment comalns (i.e., temperature, wind speed, dry track).

Verify all tiresareinflated to the manufacturer recommended inflapogssureRecord
tire pressure, fuel level, aqulopulsionbattery levels as applicable.

Verify that there are nexternal environmeat sounds that canterferewith collection
of acoustiaddata Ready driver, test personnel, vehicle onboard equipment, and test site
instrumentation for the commencement of audio collection.

Immediately before beginning the first reverse test, use ac@asind measurement
system to measure the ambisatindfor at least 30 seconds. Collect separate ambient
soundmeasuremestfrom the left and right microphones.

Positiontest vehicle withtheearp | ane at the | ine PPGne t he Ve
CC6. For vehicles equipped with a Park pos
660Park66 and engage the parking brake. For
pl ace the vehicleds gear selector in O606Neu

Place and secure wheel choblehind both reawheels to secure vehicle against
rearwardmovement.

. Activate thet e st  vpeopuision sgsi@rdPoweroff all auxiliary vehiclesystemghat

can be turned offe.g.,air conditione, wipers, heat, HVAC fa, audio/video systems,
etc.) These systems should remain off during compliance testing.

. For vehicles equipped with a Park position for the gear selector, after activating the

starting system to energize theinafmhicl eds
application of the service brake, disengage the vehicle parking brake and then place the
vehiclebs gRewarsédel €orowveihncdbés not equippe
the gear selector, after activating the starting systemto eeergizhe vehi cl ebds p
system, apply and maintain a full application of the service brake, disengage the vehicle
parking brake, disengage the manual clutch (fully depress and hold the clutch pedal), and

pl ace the vehi Réverses gear selector in

Usingtheacoustic sound measuremegstemrecord sound levels for a duration of 10
seconds usingothmicrophones.During the test, the test technician should closely
observean reattime theSPL-versustime plot of the acoustic sound and make notengf a
extraneousunwanted noisef.g. chirping birds, planes, trains, car doors being closed,
etc.)that were recorded. If the test technician beli@ssund fileis contaminategthat

sound recording should be discarded and the test should be refeatbdset of sound

files recorded that the test technician believes are not contaminated are considered valid
and should be savédr analysis

For vehicles equipped with a Park position
and engage the pgang brake. For vehicles not equipped with a Park position, place the
vehiclebs gear selector in 66Neutral 6 and
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vehicledbs propul sion system.

Savethe recorded soundhtacollected in step. Valid sound files shodlbe properly

identified by microphone position and in chronological order as colleEtedeverse

files that combine data from each microphone into a single file (unless noted otherwise in
the test report), the first channel shall be the left (drivce)snicrophone and the second
channel shall be the right (passenger side) microphone.

RepeatGos ttehppkmuigle vien ti mes, identifying eact
(e.g. TestLT Test8).

. Verify that at least four valid test results withil® 2BA have been collected using

acoustic sound measurement system. If at least four of the eight tests yietdstalid

results within 20d B, pr oc eNe.dfntod ,strepgbefdat hskbeglmtid | a
total of at least four valid test results haeeb acquiredcontiruing to numbertests

sequentially

.Remove vehicle from the test UWsinghe bounded

acoustic sound measurement systeeasure the ambiesbundfor at least 30 seconds
immediately following theeompletionof the last test of theeverseestseries Collect
separate ambient sounds files from thedefiright microphones.

. Save the ambient sousitheasuremestfor the Test Serie&iles that combine all

microphones shall follow the structure specified abowaep K.

Using t he ¢ QuabVehide€Complarse dTdol 0 (rleddwerify t o s e
if the reversaest condition alert sound meets either thmf#d or 4dband 1/3 octave band
requirements of FMVSS No. 141.

13.3 CONSTANT SPEED PASSBY TEST- GREATER THAN 0 km/h BUT LESS THAN

A.

20 km/h (DATA SHEET 4)

Positiontest vehicle with the front plara least 10m infrontdaf he | i ne AAG6, t h
centerl i ne ¢&arvehidles eqligpedsvith@ €aik position, pldmee

vehiclebs gear selector in 66Parkdd and en
equi pped with a Park position, place the v

the parking brake.

Poweroff all auxiliary vehicle electical systemdair conditioner, wipers, heat, HVAC
fan, audio/video systems, etand deactivate vehicle propulsion system.

C. Document ambient environment conditions (i.e., temperature, wind speed, dry track).

D. Verify all tiresarefree of all debris anohflated to the manuféarer recommended

inflation pressureRecord tire pressure, fuel level, gmpulsionbattery levels as
applicable.

Verify that there are nexternal environmental sounds that aaerferewith collection
of acoustiadata Ready driver, test personnethicle onboard equipment, and test site
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instrumentation for the commencement of audio colleciitwe. left and right
microphones and two optical sensors are required for this test, as depleigarai.
The front microphone slutd not be used.

F. Immediately before beginning the figdnstantspeedbassby test, use acoustic sound
measurement system to measure the ambantdfor at least 30 seconds. Collect
separate ambient sounteasuremestfrom the left and right microphones

G. Activate thet e st  vpeopuision sgsigreEectrical systemge.g.,air conditioner,
wipers, heat, HVAC fan, audio/video systems, etot)being utilized for compliance test
are to remain powered off.

H. For vehicles equipped with a Park positiontfue gear selectowhile the starting system
is active apply and maintain a full application of the service brake, disengage the vehicle
par king brake and t hen plDaveoeFortvehieleswa hi cl ed s
equipped with a Park positioorf the gear selectowhile the starting system is active,
apply and maintain a full application of the service brake, disengage the vehicle parking
brake, disengage the manual clutch (fully depress and hold the clutch pedal), and place
t he v e hisadcterinany pwvard gedRecord the gegrosition and driving
modeselected.

|. Execute pasby tests at a target speed of 11km{H (km/h) and collect acoustic sound
files. Drive the vehicle forward, accelerating to the target spaddrossing lie A AO6 a't
the target speed while maintainitt,v e hi cl e centerl ine al ong th
acoustic sound measurement systemdatd acquisition systermeasurend recordhe
optical sensor dat#he soundcollected through the microphonesdthevelh c 1 eds s pee
throughout the measur e mdR({sourdaollectedbbetivesre e n | |

AAG6 and PPO6 will b e baset @nltriggartsigndls ffom the aptwahp | i a n
sensork Bring the vehicle to a complete stop after the rear planesofehicle has
crossed the | ine BBO6. End sound coll ectio

J. Review whethetarget speewas maintaineavithin thex 1 km/htolerance from the line
AAO6 t o PRlfé&e thrgenspeed was not maintained within tolerance, the data shall
be considered iralid.

K. Return vehicle to st aAd iabgeowpehsléstequipped as des
with a Park position, place the vehiclebs
brake. For vehicles not equipped with a Park position, placethdvehics gear sel e
6606Neutral 66 and engage the parking brake.

L. Savethe recordd sounddatacollected in steffilo. Valid sound files should be properly
identified by microphone position and in chronological order as colleetedasshy
files that comime data from each microphone and optical sensor into a single file (unless
noted otherwise in the test report), the first channel shall be the left (driver side)
microphone, the second channel shall be the right (passenger side) microphone, and the
third channel shall be the data from both trigger seriseexh channel shall be
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temporally synchronized and sampled at the same frequency.

M. Re p e at Hos tt ehpr ko wily dightivalid test runs have been recordetkntifying
each completed test sequentidlyg. TestL i Test8).

N. Verify that at least four valid test results withi®® 2BA have been collected using
acoustic sound measurement system. If at least four of the eight tests yietdstalid
results within.0d B, pr o c eOd.df ndt,ae psetad pH&t telprdo wig m t i |
total of at least four valid test results have been acquicedinung to numbertests
sequentially.

O. Usingtheacoustic sound measurement systeeasure the ambiesbundfor at least 30
seconds immediately followiniipe completionof theconstant speed paby testseries
Collect separate ambient soudatafrom the leftandright microphones.

P. Save the ambient sounictato appropriate computer based data file for the Test Series.

Q. Using the computer bas€liet \&hicleCompliarce Tool(refer to sectiori3.7) verify if
the passby test condition alert sound meets either tHeB@d or 4band 1/3 octave band
requirements of FMVSS No. 141.

R. Repeat steps A Q for otherconstantestspeed between &km/hand20 km/h ¢1 km/h),
as directed by COR.

13.4 CONSTANT SPEED PASSBY TEST- EQUAL TO OR GREATER THAN 20 km/h
BUT LESS THAN 30 km/h (DATA SHEET 5)

A. Repeat steps-®Q in 13.3 while instead operating the vehicle at 21&km/1km/h during
audio captureAdditional passhy test speeds may be tested in this range, as directed by
the CORRecord the test setup and data processitigthe Quiet Vehicle Compliance
Tool (refer to sectiori3.7) on DataSheet 5.

13.5 CONSTANT SPEED PASSBY TEST- AT 30 km/h (DATA SHEET 6)

A. Repeasteps AQ in 13.3 while insteacbperatingthe vehicle aBlkm/h + 1km/hduring
audio captureRecord the test setup addta processingith the Quiet Veltle
Compliance Toolrefer to sectiori3.7) on Data Sheet.6

13.6 RELATIVE VOLUME CHANGE (DATA SHEET 7)

A.Using the cQugtVehideCompbkednée Toolld?)verifyef er
if the testvehicle alert sound meets the relative volume change requirements of FMVSS
No. 141.Record the results on Data Sheet 7.

a
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13.7 ACOUSTIC SOUND FILE PROCESSING

Data collected irthe sections abowsill be postprocesseditilizing the NHTSA Quiet Vehicle
Compliance Toolto determine compliance withe 2 andbr 4 band alert and relative volume
changerequirementsThis tool wasdevelopedisng MATLAB code ands made available to
our contracted test laboratory, ahe public as an executable fileRefer toAPPENDICESA-C
for related documentation

The tool wagleveloped to be used by the test techniaféer execution of all test series (i.e.,
stationary, reverse, and pasgtests) have been completétgure2 is a flow diagram depicting
the process used by the tool to determine if four valid test runs withdBzhave been
completed.

[ Start Selection Process ]
1
A 2 A J
I Passenger Side I I Driver Side I
| Evaluate runs 1-4 | | Evaluate runs 1-4 |
Find the largest maximum overall SPL (Max;) Find the largest maximum overall SPL (Maxy)
and smallest maximum overall SPL (Min,) and smallest maximum overall SPL (Ming)
[ Dift, = Max, - Min, F»Tﬂ Diffy = Max, - Min, |

F Diff,
and Diffy

Selection Process Complete ]
<2dB

= . ¥ No
Ll Lot |
A v
| Passenger Side i | Driver Side |
[ Evaluate the next un (e.g. mn 5) | | Evaluate the next mun (e.g. un 5) |
List P: List all possible combinations List D: List all possible combinations
of four runs where Diffps 2 dB of four nins where Diff,< 2 dB

Y
I Compare List P and List D for common sets of runs I

Sum the run numbers for
Q $ 0 each combination

Select the combination
with the lowest sum

le y
o

[ Selection Process Compl

Figure2:Sel ecti on process to deswghm0dBo Af i r st

Foreache st run, a valid |left (driverds side)

recordingmust exist. For eadcside,the maximum overall SPL must be determiriEuke
four test runs to be used for the compliance evaluatiethe first four valid test runs
collectedthat have four left sidsignalswithin 2.0 dBA maximumoverall SPL and four
right sidesignalswithin 2.0 dBA maximumoverall SPL. The left and right side must
come from the same set of four test runs.

\"

-
C
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In order for the tool to process the §ilappropriately, the first step is completed by the
technician:

Step 1: The technician ambes each valid sound measurement test run sequentially in

the chronological order it was completed on the testitrack g . , Run 1, Run 2,
Run N. Each tesun must have @le or filescorrespondingothel ef t (dri ver 6s ¢
right (passenger side) acoustic sosighals

Thetest run selection processdepicted inFigure2, and subsequent steps described in
greater detailn AppendixA. Note that there are several key points of interest in the
analysis of the data:

1 The onethird octave band levels to be used for compliance are the levels
corresponding to the point in time of the maximum overall sound pressure level of
aveht | e measur ement . To clarify, for NHT
agency will not use the maximum sound pressure level in eaethiod®ctave
band if the maximum occurs at any other point over the measurement time
interval.

1 For ambient correction pposes, the ambient otleird octave band levels are the
levels at the point in time of the minimum overall ambient sound pressure level.

When analysis is complete by the tool, the technician fills out the corresponding data sheets for
each data collectiogection with result®or inclusion in the final reports. S&EPORTSand
DATA SHEETSbelow for more information.
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POST TEST REQUIREMENTS

After the required tests are completed, the contractor shall:

A.

B.

Restae vehicle to original condition
Verify all instrumentation, data sheets and photographs

Complete the Vehicle Condition report form including a word description of its
post test condition

Copy applicable pages of t hettotletinalc! e Ow
test reportSpecifically, provide a copy of information related to

. Pedestrian alert/warning systems
. Driving modes (e.qg. sport, eco, automated parking features, etc.) and gear selection

Move the test vehicle to a secure area, and

Place # original records in a secure and organized file awaiting test data
disposition.
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REPORTS
MONTHLY STATUS REPORTS

The contractor shall submit a monthly Test Status Report and a Vehicle Status Report to
the COR The Vehicle Status Report shall be subaittintil all vehicles are disposed of.
Samples of the required Monthly Status Reports are contained in the report forms section.

APPARENT NONCOMPLIANCE

Any indication of a test failure shall be communicated by telephone ©©@kewithin 24

hours with witten notification mailed within 48 hours (Saturdays and Sundays excluded).
A Notice of Test Failure (see report forms section) with a copy of the particular compliance
test data sheet(s) and preliminary data plot(s) shall be included.

In the event of aetst failure, a post test calibration check of some critically sensitive test
equipment and instrumentation may be required for verification of accuracy. The necessity
for the calibration shall be at theORb s di screti on and shall
addtional costs to the OVSC.

FINAL TEST REPORTS

15.3.1 COPIES

In the case of an apparent test failure, electronic copies in both WoRDd&fdrmats of

the Final Test Report shall be submitted to the COR for acceptance within three weeks of
test completion. Th&inal Test Report format to be used by all contractors can be found
below.

Where there has been no indication of an apparent noncompliance, electronic copies in
both Word and®DFformats of each Final Test Report shall be submitted to the COR for
acceptanoe within three weeks of test completion. No payment of contractor's invoices for
conducting compliance tests will be made prior to the Final Test Report acceptance by the
COR. Contractors are requested to NOT submit invoices before the COR is provided wit
copies of the Final Test Report.

Contractors are required to submit the first Final Test Report in draft form within one week
after the compliance test is conducted. The contractor and the COR will then be able to
discuss the details of both test condand report content early in the compliance test
program.

Contractors are required to PROOF READ all Final Test Reports before submittal to the
COR. The OVSC will not act as a report quality control offiaecontractors. Reports
containing a significanumber of errors will be returned to the contractor for correction,
and a "hold" will be placed on invoice payment for the particular test.
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15.3.2 REQUIREMENTS

The Final Test Report and associated documentation (including photographs) are relied
upon as thehronicle of the compliance test. The Final Test Report will be released to the
public domain after review and acceptance by the COR.

For these reasons, each final report must be a complete document capable of standing by
itself. The contractor should @DETAILED descriptions of all compliance test events.

Any events that are not directly associated with the standard but are of technical interest
should also be included. The contractor should include as much DETAIL as possible in the
report. Instructiongor the preparation of the first three pages of the final test report are
provided for standardization.

15.3.3 FIRST THREE PAGES

A. FRONT COVER
The information required on the cover is as follows:

(1)

(2)

®3)

Final Report Number such as tABC-XX-01 where

141 is the FMVSSested

ABC are the initials for the laboratory

XX is the Fiscal Year of the test program

001 is the Group Number (001 for thé& test, 002 for the™ test, etc.)

Final Report Title and Subtitle such as

SAFETY COMPLIANCE TESTING FOR FMVSS 141
Minimum Sound Requirements for Hybrid and Electric Vehicles
R S I S i B S b B S S 4
XYZ Car Manufacturer
Make and Model
NHTSA No. CX1401

Contractorods Name and Address such as
COMPLIANCE TESTING LABORATORIES, INC.

4335 West Dearborn Street
Detroit, Michigan 48090

NOTE: DOT SYMBOL WILL BE PLACED BETWEEN ITEMS (3) AND (4)
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4) Date of Final Report completion
5) The words fAFINAL REPORTDH
) The sponsoring agencyo6s name and addres

U. S. DEPARTMENT OF TRANSPORTATION
National Highway Traffic Safety Admistration
Enforcement

Office of Vehicle Safety Compliance

Mail Code:NEF210

1200 New Jersey Ave., SE

Washington, DC 20590
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B. FIRST PAGE AFTER FRONT COVER

When a contract test laboratory is reporting, a disclaimer statement and an acceptance
signature blok for theCORshall be provided as follows:

This publication is distributed by the National Highway Traffic
Safety Administration in the interest of information exchange.
Opinions, findings and conclusions expressed in this publication are
those of the @thor(s) and not necessarily those of the Department
of Transportation or the National Highway Traffic Safety
Administration. The United States Government assumes no liability
for its contents or use thereof.

If trade or manufacturers' names or prodacgsmentioned, it is only

because they are considered essential to the object of the publication
and should not be construed as an endorsement.

Prepared By:

Approved By: *

Approval Date: *

FINAL REPORT ACCEPTANCE BY OVSC:*

Accepted By:

Acceptance Date:

* These Ines not required when OVSC staff writes the Test Report
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C. SECOND PAGE AFTER FRONT COME
A completed Technical Report Documentation Page (Form DOT F1700.7) shall be
completed for those items that are applicable with the other spaces left blank. Sample data
for the applicable block numbers of the title page follows.
Block 17 REPORT NUMBER
141-ABC-XX-001
Block 27 GOVERNMENT ACCESSION NUMBER
Leave blank
Block3TRECI PI ENT6S CATALOG NUMBER
Leave blank

Block 47 TITLE AND SUBTITLE

Final Report of FMVSS 141 Compliance Testing of 20XX XYZ, NHTSA No.
CX1401

Block 57 REPORT DATE
March 1, 20XX

Block 67 PERFORMING ORGANIZATION CODE
ABC

Block 7i AUTHOR(S)
John Smith, Project Manager / Bill Doe, ProjeagiBeer

Block 87 PERFORMING ORGANIZATION REPORT NUMBER
ABC-DOT-XXX-001

Block 97 PERFORMING ORGANIZATION NAME AND ADDRESS
ABC Laboratories

405 Main Street
Detroit, M1 48070
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Block 107 WORK UNIT NUMBER
Leave blank

Block 117 CONTRACT GRANT NUMBER
DTNH22-XX-D-XXXXX

Block 127 SPONSORING AGENCY NAME AND ADDRESS
U.S. Department of Transportation
National Highway Traffic Safethdministration
Enforcement
Office of Vehicle Safety Compliance
Mail Code:NEF-210
1200 New Jersey Ave., SE
Washington, DC 20590

Block 137 TYPE OF REPORT AND PERIOD COVERED

Final Test Report
Month Day to Month Day, 20XX

Block 147 SPONSORING AGENCY CODE
NEF210

Block 157 SUPPLEMENTARY NOTES
Leave blank

Block 167 ABSTRACT
Compliance tests were conducted on the subyett#### [VEHICLE MAKE
AND MODEL] in accordance with the specifications of the Office of Vehicle
Safety Compliance Test Procedure NB-141-##for the determination of FMVSS
141 compliance.
Test failures identified were as follows:

None

NOTE: Above wording must be shown with appropriate changes made for a
particular compliance test. Any questions should be resolved withQie
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Block 1717 KEY WORDS

Compliance Testing
Safety Engineering
FMVSS 141

Block 181 DISTRIBUTION STATEMENT
Copies of this report are available from the following:
National Highway Traffic Safety Administration
Technical Information Services Division, NP1
1200 New Jersey Avenue SE (Room HID)
Washington DC 20590

e-mail: tis@nhtsa.dot.gov
FAX: 202-493-2833

Block 197 SECURITY CLASSIFICATION OF REPORT
Unclassified

Block 207 SECURITY CLASSIFICATION OF PAGE
Unclassified

Block 217 NUMBER OF PAGES
Add appropriate number

Block 221 PRICE

Leave blank


mailto:tis@nhtsa.dot.gov
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15.3.4 TABLE OF CONTENTS
The final test report Table of Contents shall include the following as a minimum:
Section I Purpose of Compliance Test
Section 2 TestProcedure and Discussion of Results
Section 3 Compliance Test Data
Section 4 Test Equipment List and Calibration Information
Section 5 Photographs

Section6 Ve hi cl e Ownaoplicalsle pagesdind aetHer documentation

Section 7i Noticeof Test Failure (if applicable)
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16. DATA SHEETS
The data sheets begin on the following page. Results are recorded on data glieets 1

individual requirements. The outcome of the test is summarized @Aha SUMMARY
SHEET
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DATA SHEET 1 (Sheet 1 of 2)
TEST VEHICLE INSPECTION AND TEST PREPARATION

VEHICLE MAKE/MODEL/BODY STYLE:

NHTSA No.: TEST DATE:
VIN: MANUFACTURE DATE:
GVWR: KG FRONT GAWR: KG REAR GAWR KG
# SEATING POSITIONS: FRONT. MID REAR
ODOMETER READING AT START OF TEST: Miles (Kilometers)
PROPULSION SYSTEM(S) & ENERGY :

n Electric Fluids checked and at proper levels?

Hybrid Electric N Yes n No

Plugin Hybrid Electric
Other (describe):

& S & s & 3 B

ENGINE/MOTOR LOCATION:

N Front 4 Rear | Mid R Other (describe

TRANSMISSION TYPE:
A Automatic 7| Manual B Other (describe

DESIGNATED TIRE SIZE(S) FROM VEHICLE LABELING:

Front Axle Rear Axle

Inflation Pressure (kPa) Inflation Pressure (kPa)

INSTALLED TIRE SIZE(S) ON VEHICLE:

From Tire Sidewall Front Axle Rear Axle

Manufacturer & Tire Name

Tire Size Designation

Are installed tiresizes same as labeled tire sizesfi Yes N No
If no, contact CQ for further guidance.
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DATA SHEET 1 (Sheet 2 of 2)
TEST VEHICLE INSPECTION AND TEST PREPARATION

VEHICLE CURB WEIGHT (Kg) :

Front axle Rear Axle

Total Vehicle
VEHICLE TEST WEIGHT with Driver and Instrumentation (Kg):

Front axle Rear Axle

Total Vehicle

Test Weight exceexd/ehicle ratings (GAWRs and GVWR)?
N Yes A No
If yes contact COR for guidance.

TIRE CONDITIONING:
Tires areset to manufacturer recommended cold inflation pressure.

Front Axle (kPa) Rear Axle (kPa)
Right Front Right Rear
Left Front Left Rear
Tires have been conditioned as required?
N Yes A No

ASSESSMENT OF VEHICLE OPERATIONAL CONDITIONS
Do any of the gear/mode configurations substantially alter the sound emitted from the vehicle in a
manner that might affect test results under a given critical operating condjtidfed 1 No

REMARKS:

RECORDED BY: DATE:

APPROVED BY: DATE:
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DATA SHEET 2 (Sheet 1 66)
STATIONARY TEST

VEHICLE MAKE/MODEL/BODY STYLE:

NHTSA No.: TEST DATE:

P

I........Leﬁ 2m

TEST CONDITIONS:
Propulsion energy sources (as applicable)

Battery leel (specify units): Fuellevel: %
Measured Tire Pressurdd@: LF LR
RF I?R _

Tires treads are free and clear of rocks and debris? 1 Yes 1 No
Wind Speed m/seém/sec? N Yes 1 No
Ambient Temperature ,BC°t040C°? 1 Yes A No
Test Surface is dry and free of cracks and debris? A Yes 1 No
Test vehicle windows and doors are closed? r:] Yes r:] No
All electrical accessories are turned off? n Yes n No

Record gear position and driving mode (as applicable):
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DATA SHEET 2 (Sheet 2 of6)
STATIONARY TEST

FIRST FOUR VALID TESTS WITHIN 2.0dBA OVERALL SPL
Mi crophone Maximum SPL (dBA)
Sequence ¥ Left, Driver | Right, Passenge Front, Center
Valid Test 1
Valid Test 2

Valid Test 3
Valid Test 4

Difference between nxaand min
SPL for each microphone
Is the difference between the maximanmd minimum SPLvaluesi t hi n each microptl

of valuesless than or equal @0 dBA? Must be fiYesO or discuss si
proceeding.

n Yes i No
IDENTIFICATION OF THE QUIETEST SIDE OF TEST VEHICLE

LEFT/DRIVER SIDE

Valid Test 1i MAX overall SPL dB; Ambient corrected value: AB
Valid Test 2i MAX overall SPL dB; Ambient corrected value: dB
Valid Test 31 MAX overall SPL dB; Ambient corrected value: AB
Valid Test 4i MAX overall SPL dB; Ambient corrected value: AB
Left side average overall ambiectrrected SPL = AB

RIGHT/PASSENGER SIDE

Valid Test 1i MAX overall SPL dBA Ambient corrected value: dBA
Valid Test 2i MAX overall SPL dBA Ambient corrected value: dBA
Valid Test 3i MAX overall SPL dBA Ambient corrected value: dBA
Valid Test 41 MAX overall SPL dBA Ambient corrected value: dBA

Right side average overall ambiardrrected SPL = AB

Quietest sideof vehicle(if same select side used for analy3is
N Left (Driver) N Right (Passenggr
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DATA SHEET 2 (Sheet 3of 6)

QUIETEST SIDE 1/30CTAVE BAND SPLs(dBA) FOR FOUR VALID TEST

(AMBIENT CORRECTED)

STATIONARY TEST

Paged7of 74

RUNS

1/3 octave| Valid Valid Valid Valid

band centel Testl | Test2 | Test3 | Test4 | Average| Minimum )

frequency, | corrected corrected| corrected corrected corrected Required| AvgO
Hz SPL SPL SPL SPL SPL SPL Min SPL?
315 390 |AYAQN
400 390 |AYAN
500 400 |AY AN
630 400 |AY AN
800 410 |AY AN
1000 410 qaY AN
1250 420 QA Y AN
1600 39.0 nY QN
2000 39.0 nY QN
2500 37.0 nY QN
3150 34.0 nY QN
4000 320 |[AY AN
5000 310 |AYAQN

FOUR-BAND STATIONARY COMPLIANCE

Compare the average corrected SPL values ag#eshinimum SPL requirement for each ene
third octave band. Determinéany four onethird octave bandmeetingthe required standard
are nonadjacent to each other AND that span a range of at least ninghimgeoctave bands in
the range of 315 Hz to 5000 Hzomplete following table with one s#tfouronethird octave
bands that meet these requirements.

Minimum
required SPL,
1/3 octave band center | Average correcte( dBA, for selected| Meets orExceeds
frequency, Hz SPL, dBA band Standard
N Yes i No
N Yes i No
N Yes i No
N Yes i No

Four-band compliance result:Four nonadjacent 1/3 octave bands spanning at least nine bands
meet the minimum SPLs on the quietest side of the véhicle 1 Yes i No
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DATA SHEET 2 (Sheet4 of 6)
STATIONARY TEST

TWO-BAND STATIONARY COMPLIANCE

Compare the average corrected SRilues and identify which ofthird octave bandmeet the
minimum SPL requiremenselecthe band with the highest SPL of the 315 to 800 Hz bands,
and selecthe band with the highest SPL of the 1000 to 3150 Hz bdihdsselected banasust
benontadjacent AND spano fewer than threenethird octave bands in the range of 315 Hz to
3150Hz. If the highest bands are the 800Hz and 1000Hz bands, examine thd begtrest

band in either range may be used if it meets all other requiren@oisplete following table

with one set ofwo onethird octave bands that meet these requiremantseachmeet the
minimum requirements

Minimum
1/3 octae band Average required SPL,, Meets or
Frequency band | center frequency,| corrected SPL,| dBA, for Exceeds
range, Hz Hz dBA selected bang  Standard
315800 40.0 A Yes 1 No
10003150 40.0 N Yes f No

Calculate theBand sumof the onethird octave bands selected.

bOEWMapni ¢ pnn 7

BAND SUM = (Must be at least 44 dBA)

Two-band compliance result:Two 1/3 octave bands spanning at lehséebands meet the
minimum SPLs and band sum requirensent the quietest side of the vehizle i Yes i No
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DATA SHEET 2 (Sheet5 of 6)
DIRECTIVITY TEST

FRONT MICROPHONE 1/30CTAVE BAND SPLs(dBA) FOR FOUR VALID TEST
RUNS (AMBIENT CORRECTED)

1/3 octave| Valid Valid Valid Valid

band cente] Testl | Test2 | Test3 | Test4 | Average| Minimum Avg

frequency, | corrected corrected corrected corrected corrected Required| CMin
Hz SPL SPL SPL SPL SPL SPL SPL?
315 390 |(AYAN
400 390 |(AYAN
500 400 [(AYAN
630 40.0 nY QN
800 410 nY QN
1000 410 nY QN
1250 420 | Y AN
1600 39.0 nY QN
2000 39.0 nY QN
2500 37.0 nY QN
3150 340 | Y AN
4000 320 | YAN
5000 3.0 [ Y AN

FOUR-BAND DIRECTIVITY COMPLIANCE

Compare the average corrected SPL values ag#ieshinimum SPL requirement for each ene
third octave band. Determine if any four ethéd octave bandmeging the required standard
are nonadjacent to each other AND that span a range of at least ninghingeoctave bands in
the range of 315 Hz to 5000 Hzomplete following table with one s#tfouronethird octave
bands that meet these requirements.

Minimum
required SPL,
1/3 octave band center | Average correcte( dBA, for selected| Meets or Exceeds
frequency, Hz SPL, dBA band Standard
A Yes A No
A Yes i No
A Yes i No
A Yes i No

Four-band compliance result:Four noradjacent 1/3 octave bands spanning at least nine bands
meet the minimum SPLUsr directivity? 1 Yes i No
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DATA SHEET 2 (Sheet6 of 6)
DIRECTIVITY TEST

TWO-BAND DIRECTIVITY COMPLIANCE

Compare the average corrected SPL values and identify whicthodeoctave bandmeet the
minimum SPL requireemt. Select the band with the highest SPL of the 315 to 800 Hz bands,
and select the band with théghest SPL of the 1000 to 3150 Hz bands. The selected bands must
be nonadjacent AND span no fewer than three-timed octave bands in the range of 315 Hz to
3150 Hzlf the highest bands are the 800Hz and 1000Hz bands, examine the second highest
band n either range may be used if it meets all other requirem€otsplete following table

with one set of two orthird octave bands that meet these requirements andreaehthe

minimum requirements.

1/3 octave band | Average | Minimum required| Meets or

Frequency band center fregency, | corrected| SPL, dBA, for Exceeds

range, Hz Hz SPL, dBA selected band Standard
315800 40.0 N Yes 1 No
10003150 40.0 A Yes i No

Calculate theBand sumof the onethird octave bands selected.

bOEWapni ¢ pm 7

BAND SUM = (Must be at least 44418

Two-band compliance result:Two 1/3 octave bands spanning at least three bands meet the
minimum SPLs and band sum requiremdatglirectivity? ] Yes f; No

REMARKS:

Overall result for STATIONARY: PASS if 1) the quietest side natherthe fourband or
two-band requirement&ND 2) the directivity results meditherthe fourband or tweband

requirements.
5

Q PASS { FAIL

RECORDED BY: DATE:

APPROVED BY: DATE:
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DATA SHEET 3 (Sheet 1 of 4)
REVERSE TEST

VEHICLE MAKE/MODEL/BODY STYLE:

NHTSA No.: TEST DATE:

TEST CONDITIONS:
Propulsion energy sources (as applicable)

Battery level (specify units): Fuellevel: %
Measured Tire Pressures (kPa): LF LR
RF I?R _

Tires treads are free and clear of rocks and debris? 1 Yes 1 No
Wind Speed m/sec < 5m/sec? N Yes 1 No
Ambient Temperature C°, 5C°t040C°? fj Yes n No
Test Surface is dry and free of cracks and debris? A Yes 1 No
Test vehicle windows and doors are closed? r:] Yes r:] No
All electrical accessories are turned off? n Yes n No

Record gear position and driving mode (as applicable):
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DATA SHEET 3 (Sheet 2 of 4)
REVERSE TEST

FIRST FOUR VALID TESTS WITHIN 2 .0dBA OVERALL SPL

Micr ophone Maximum SPLABA

Sequence 4 Left, Driver | Right, Passenge

Valid Test 1

Valid Test 2

Valid Test 3

Valid Test 4
Difference between max and
SPL for each microphone

Is the difference between the maximum and minimum SPL valuesch the left side and right

side of the vehicle less than or equa2@dBA? (Mu st be fAYesoO or discuss
COR before proceeding.

N Yes 1 No
IDENTIFICATION OF THE QUIETEST SIDE OF TEST VEHICLE

LEFT/DRIVER SIDE

Valid Test 1i MAX overallSPL dBA; Ambiertorrectedvalue: dBA
Valid Test 2i MAX overall SPL dBA; Ambient corrected value: dBA
Valid Test31 MAX overall SPL dBA; Ambient corrected value: dBA
Valid Test 4i MAX overall SPL dBA; Ambient corrected value: dBA
Left side average overall ambiectrrected SPL = dBA
RIGHT/PASSENGER SIDE
Valid Test 1i MAX overall SPL dBA; Ambient corrected value: dBA
Valid Test 2Zi MAX overall SPL dBA; Ambient corrected value: dBA
Valid Test 3i MAX overall SPL dBA; Ambient corrected value: dBA
Valid Test 4i MAX overall SPL BA; Ambient corrected value: dBA
Right side average overall ambierrrected SPL = AB

Quietest side of vehicldif same, select side used for analysis):
N Left (Driver) A Right (Passenger)
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DATA SHEET 3 (Sheet 3 of 4)
REVERSE TEST

QUIETEST SIDE 1/30CTAVE BAND SPLs(dBA) FOR FOUR VALID TEST RUNS
AMBIENT CORRECTED)

1/3 octave| Valid Valid Valid Valid

band centel Testl | Test2 | Test3 | Test4 | Average| Minimum

frequency, | corrected corrected| corrected corrected| corrected Required| Av g
Hz SPL SPL SPL SPL SPL SPL Min SPL?
315 420 |AYAQN
400 410 |AYAQN
500 430 |AYAQN
630 430 |AYAQN
800 440 |AYAQN
1000 440 QY AN
1250 450 A Y QN
1600 410 |AY AN
2000 420 |AY AN
2500 400 [AY AN
3150 370 |AYAN
4000 350 |AYAN
5000 330 [AYAN

FOUR-BAND REVERSE COMPLIANCE

Compare the average corrected SPL values ag#eshinimum SPL requirement for each ene
third octave band. Determinkany four onethird octave bandmeetingthe required standard
are nonadjacent to each other AND that span a range of at least ninghimgeoctave bands in
the range of 315 Hz to 5000 Hzomplete following table with one s#tfouronethird octave
bands that meet these requirements.

Minimum
required SPL,
1/3 octave band center | Average correcte( dBA, for selected| Meets or Exceeds
frequency, Hz SPL, dBA band Standard
A Yes A No
A Yes i No
A Yes i No
A Yes i No

Four-band compliance result:Four noradjacent 1/3 octave bands spanning at least nine bands
meet the minimum SPLs on the quietest side of the véhicle 7 Yes i No
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DATA SHEET 3 (Sheet 4 of 4)
REVERSE TEST

TWO-BAND REVERSE COMPLIANCE

Compare the average corrected SRiluesand identify which on¢hird octave bandmeet the
minimum SPL requiremengelect the band with the highest SPL of the 315 to 800 Hz bands,

and select thednd with the highest SPL of the 1000 to 3150 Hz bands. The selected bands must
be nonadjacent AND span no fewer than three-timed octave bands in the range of 315 Hz to
3150 Hzlf the highest bands are the 800Hz and 1000Hz bands, examine the sgb@stl h

band in either range may be used if it meets all other requirent@aisplete following table

with one set ofwo onethird octave bands that meet these requiremantseachmeets the

minimum requirements

Minimum
1/3 octave badh Average required SPL,

Frequency band| center frequency, corrected SPL dBA, for Meets or Exceed
range, Hz Hz dBA selected band Standard
315800 40.0 A Yes i No
10003150 40.0 N Yes i No

Calculate theBand sumof the onethird octave bands selected.

ONEWapnl C pm

BAND SUM =

Two-band compliance result:Two 1/3 octave bands spanning at least three bands meet the

T

(Must be at least 48418

minimum SPLs and band sum requirementghe quietest side of the vehizle i Yes i No

REMARKS:

Overall result for REVERSE: PASS if the quietest side mgtherthe fourband or tweband

requrements

N PASS R FAIL
RECORDED BY: DATE:
APPROVED BY: DATE:
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DATA SHEET 4 (Sheet 1 of 4)
CONSTANT SPEED PASSBY TEST (11+ 1km/h)

VEHICLE MAKE/MODEL/BODY STYLE:

Pageb5 of 74

NHTSA No.: TEST DATE:

TEST CONDITIONS:
Propulsion energy sources (as applicable)

Battery level (specify units):

Measured Tire Pressures (kPa): LF LR

RF RR
Tires treads are free and cledrocks and debris? A Yes 1 No
Wind Speed m/sec < 5m/sec? N Yes f No
Ambient Temperature C°, 5C°to 40C°? f Yes i No
Test Surface is dry and free of cracks and debris? A Yes 1 No
Test vehicle windows and doors are closed? A Yes 1 No
All electrical accessories are turned off? A Yes 1 No

Record gear positiomd driving mode (as applicable)

Gear position;

Driving mode:

Fuel level:

%
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DATA SHEET 4 (Sheet 2 of 4)
CONSTANT SPEEDPASSBY TEST (11+ 1km/h)

FIRST FOUR VALID TESTS WITHIN 2 .0dBA OVERALL SPL

Microphone Maximum SPL dBA
Sequence 4 Test Speeq Left, Driver | Right, Passenge
Valid Test 1
Valid Test 2
Valid Test 3
Valid Test 4
Difference between maand
min SPL for each microphon
Is the difference between the maximum and minimum SPL values on each the left side and right

side of the vehicle less than or equa2@dBA? Must be AYesoOo or discus
COR before proceeding.

N Yes i No
IDENTIFICATION OF THE QUIETEST SIDE OF TEST VEHICLE
LEFT/DRIVER SIDE
Valid Test 1i MAX overall SPL dBA; Ambient corrected value: dBA
Valid Test 2i MAX overall SPL dBA; Ambient corrected value: dBA
Valid Test31 MAX overall SPL dBA; Ambient corrected value: dBA
Valid Test 4i MAX overall SPL dBA; Ambient corrected value: dBA
Left side average overall ambiectrrected SPL = dBA

RIGHT/PASSENGER SIDE
Valid Test 1i MAX overall SPL dBA; Ambient corrected value: dBA
Valid Test 2Zi MAX overall SPL dBA; Ambient corrected value: dBA
Valid Test 3i MAX overall SPL dBA; Ambient corrected value: dBA
Valid Test 4i MAX overall SPL dBA; Ambient corrected value: dBA

Right side average overall ambierrrected SPL = dBA

Quietest side of vehicldif same, select side used for analysis):
A Left (Driver) A Right (Passenger)
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DATA SHEET 4 (Sheet 3 of 4)
CONSTANT SPEEDPASSBY TEST (11+ 1km/h)

QUIETEST SIDE 1/30CTAVE BAND SPLs(dBA) FOR FOUR VALID TEST RUNS
AMBIENT CORRECTED)

1/3 octave| Valid Valid Valid Valid

band centel Testl | Test2 | Test3 | Test4 | Average| Minimum

frequency, | corrected corrected| corrected corrected| corrected Required| Av g
Hz SPL SPL SPL SPL SPL SPL Min SPL?
315 450 |AYAQN
400 440 |AYAQN
500 46.0 |AYAQN
630 46.0 |AYAQN
800 470 |AYAQN
1000 470 |RY AN
1250 480 |RY AN
1600 440 QY AN
2000 450 |AYAQN
2500 430 |AYAQN
3150 400 [AY AN
4000 380 |[AY AN
5000 36.0 [AYAN

FOUR-BAND PASSBY COMPLIANCE

Compare the average corrected SPL values ag#eshinimum SPL requirement for each ene
third octave band. Determinkany four onethird octave bandmeetingthe required standard
are nonadjacent to each other AND that span a range of at least ninghimgeoctave bands in
the range of 315 Hz to 5000 H2zomplete following table with one set of four 4hied octave
bands that meet these requirements.

Minimum
required SPL,
1/3 octave band center | Average correcte( dBA, for selected| Meets or Exceeds
frequency, Hz SPL, dBA band Standard
A Yes A No
A Yes i No
A Yes i No
A Yes i No

Four-band compliance result:Four noradjacent 1/3 octave bands spanning at least nine bands
meet the minimum SPLs on the quietest side of the véhicle 7 Yes i No
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DATA SHEET 4 (Sheet 4 of 4)
CONSTANT SPEED PASSBY TEST (11+ 1km/h)

TWO-BAND PASSBY COMPLIANCE

Compare the average corrected SRilues and identify which ofthird octave bandmeet the

minimum SPL requiremenselect the band with the highest SPL of the 31B@oH& bands,

and select the band with the highest SPL of the 1000 to 3150 Hz bands. The selected bands must
be nonadjacent AND span no fewer than three-timed octave bands in the range of 315 Hz to

3150 Hzlf the highest bands are the 800Hz and 1000kENds, examine the second highest

band in either range may be used if it meets all other requiren@oisplete following table

with one set ofwo onethird octave bands that meet these requiremantseachmeets the

minimum requirements

Minimum
1/3 octave band Average required SPL,
Frequencyand | center frequency, corrected SPL dBA, for Meets or Exceed

range, Hz Hz dB selected band Standard
315800 420 N Yes i No
10003150 420 A Yes i No

Calculate theBand sumof the onethird octave bands selected.
bOEwapni ¢ pm 7

BAND SUM = (Must be at least 514lB
Two-band compliance result:Two 1/3 octave bands spanning at least three bands meet the

minimum SPLs and band sum requirements on the quietest side of theXehigl¥es i No

REMARKS:

Overall result for 11+ 1 km/h PASSBY: PASS if the quietest side maitherthe fourband or

two-band requirements.
4

N PASS R FAIL

RECORDED BY: DATE:

APPROVED BY: DATE:
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DATA SHEET 5 (Sheet 1 of 4)
CONSTANT SPEED PASSBY TEST (21+ 1km/h)

VEHICLE MAKE/MODEL/BODY STYLE:

Pageb9 of 74

NHTSA No.: TEST DATE:

TEST CONDITIONS:
Propulsion energy sources (as applicable)

Battery level (specify units):

Measured Tire Pressures (kPa): LF LR

RF RR
Tires treads arfree and clear of rocks and debris? n Yes n
Wind Speed m/sec < 5m/sec? N Yes
Ambient Temperature C°, 5C°t040C°? fj Yes
Test Surface is dry and free of cracks and debris? n Yes n
Test vehicle windows and doors are closed? n Yes n
All electrical accessories are turned off? N Yes 1

Record gear positiomd driving mode (as applicable)

Gear position;

Driving mode:

No

No

No

No

No
No

Fuel level:

%
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DATA SHEET 5 (Sheet 2 of 4)
CONSTANT SPEEDPASSBY TEST (21+ 1km/h)

FIRST FOUR VALID TESTS WITHIN 2 .0dBA OVERALL SPL

Microphone Maximum SPL dBA
Sequence 4 Test Speeq Left, Driver | Right, Passenge
Valid Test 1
Valid Test 2
Valid Test 3
Valid Test 4
Difference between maand
min SPL for each microphon
Is the difference between the maximum and minimum SPL values on each the left side and right

side of the vehicle less than or equa2@dBA? Must be AYesoOo or discus
COR before proceeding.

N Yes i No
IDENTIFICATION OF THE QUIETEST SIDE OF TEST VEHICLE
LEFT/DRIVER SIDE
Valid Test 1i MAX overall SPL dBA; Ambient corrected value: dBA
Valid Test 2i MAX overall SPL dBA; Ambient corrected value: dBA
Valid Test31 MAX overall SPL dBA; Ambient corrected value: dBA
Valid Test 4i MAX overall SPL dBA; Ambient corrected value: dBA
Left side average overall ambiectrrected SPL = dBA

RIGHT/PASSENGER SIDE
Valid Test 1i MAX overall SPL dBA; Ambient corrected value: dBA
Valid Test 2Zi MAX overall SPL dBA; Ambient corrected value: dBA
Valid Test 3i MAX overall SPL dBA; Ambient corrected value: dBA
Valid Test 4i MAX overall SPL dBA; Ambient corrected value: dBA

Right side average overall ambierrrected SPL = dBA

Quietest side of vehicldif same, select side used for analysis):
A Left (Driver) A Right (Passenger)
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DATA SHEET 5 (Sheet 3 of 4)
CONSTANT SPEEDPASSBY TEST (21+ 1km/h)

QUIETEST SIDE 1/30CTAVE BAND SPLs(dBA) FOR FOUR VALID TEST RUNS
AMBIENT CORRECTED)

1/3 octave| Valid Valid Valid Valid

band centel Testl | Test2 | Test3 | Test4 | Average| Minimum

frequency, | corrected corrected| corrected corrected| corrected Required| Av g
Hz SPL SPL SPL SPL SPL SPL Min SPL?
315 520 (A Y AN
400 510 |AYAN
500 520 (A Y AN
630 53.0 (A Y AN
800 53.0 (Y AN
1000 540 (Y AN
1250 540 | Y AN
1600 51.0 | YAN
2000 5.0 | YAN
2500 500 A YAN
3150 470 QY AN
4000 450 |AY AN
5000 430 |AY AN

FOUR-BAND PASSBY COMPLIANCE

Compare the average corrected SPL values ag#tireshinimum SPL requirement for each ene
third octave band. Determinkany four onethird octave bandmeetingthe required standard
are nonadjacent to each other AND that span a range of at least ninghingeoctave bands in
the range of 315 Hz to 5000 Hzomplete following table with one set of four 4hied octave
bands that meet these requirements.

Minimum
required SPL,
1/3 octave band center | Average correcte( dBA, for selected| Meets or Exceeds
frequency, Hz SPL, dBA band Standard
A Yes A No
A Yes i No
A Yes i No
A Yes i No

Four-band compliance result:Four noradjacent 1/3 octave bands spanning at least nine bands
meet the minimum SPLs on the quietest side of the véhicle 7 Yes i No
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DATA SHEET 5 (Sheet 4 of 4)
CONSTANT SPEED PASSBY TEST (21+ 1km/h)

TWO-BAND PASSBY COMPLIANCE

Compare the average corrected SRiluesand identify which on¢hird octave bandmeet the

minimum SPL requiremenselect the band with the highest SPL of the 315@d8&0bands,

and select the band with the highest SPL of the 1000 to 3150 Hz bands. The selected bands must
be nonadjacent AND span no fewer than three-timed octave bands in the range of 315 Hz to

3150 Hzlf the highest bands are the 800Hz and 100b&izds, examine the second highest

band in either range may be used if it meets all other requiren@oisplete following table

with one set ofwo onethird octave bands that meet these requiremantseachmeet the

minimum requirements

Minimum
1/3 octave band Average required SPL,
Frequency bad | center frequency, corrected SPL dBA, for Meets or Exceed

range, Hz Hz dBA selected band Standard
315800 47.0 N Yes i No
10003150 47.0 A Yes i No

Calculate theBand sumof the onethird octave bands selected.
bOEwapni ¢ pm 7

BAND SUM = (Must be at least 574lB
Two-band compliance result:Two 1/3octave bands spanning at least three bands meet the

minimum SPLs and band sum requirements for direcBvjtyres i No

REMARKS:

Overall result for 21+ 1 km/h PASSBY: PASS if the quietest side maitherthe fourband or

two-band requirements.
4

N PASS R FAIL

RECORDED BY: DATE:

APPROVED BY: DATE:
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DATA SHEET 6 (Sheet 1 of 4)
CONSTANT SPEED PASSBY TEST (31+ 1km/h)

VEHICLE MAKE/MODEL/BODY STYLE:

Page63 of 74

NHTSA No.: TEST DATE:

TEST CONDITIONS:
Propulsion energy sources (as applicable)

Battery level (specify units):

Measured Tire Pressures (kPa): LF LR

RF RR
Tires treads are free and dledirocks and debris? A Yes 1 No
Wind Speed m/sec < 5m/sec? N Yes f No
Ambient Temperature C°, 5C°to 40C°? f Yes i No
Test Surface is dry and free of cracks and debris? A Yes 1 No
Test vehicle windows and doors are closed? A Yes 1 No
All electrical accessories are turned off? A Yes 1 No

Record gear positiomd driving mode (as applicable)

Gear position;

Driving mode:

Fuel level:

%
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DATA SHEET 6 (Sheet 2 of 4)
CONSTANT SPEEDPASSBY TEST (31+ 1km/h)

FIRST FOUR VALID TESTS WITHIN 2 .0dBA OVERALL SPL

Microphone Maximum SPL dBA
Sequence 4 Test Speeq Left, Driver | Right, Passenge
Valid Test 1
Valid Test 2
Valid Test 3
Valid Test 4
Difference between maand
min SPL for each microphon
Is the difference between the maximum and minimum SPL values on each the left side and right

side of the vehicle less than or equa2@dBA? Must be AYesoOo or discus
COR before proceeding.

N Yes i No
IDENTIFICATION OF THE QUIETEST SIDE OF TEST VEHICLE
LEFT/DRIVER SIDE
Valid Test 1i MAX overall SPL dBA; Ambient corrected value: dBA
Valid Test 2i MAX overall SPL dBA; Ambient corrected value: dBA
Valid Test31 MAX overall SPL dBA; Ambient corrected value: dBA
Valid Test 4i MAX overall SPL dBA; Ambient corrected value: dBA
Left side average overall ambiectrrected SPL = dBA

RIGHT/PASSENGER SIDE
Valid Test 1i MAX overall SPL dBA; Ambient corrected value: dBA
Valid Test 2Zi MAX overall SPL dBA; Ambient corrected value: dBA
Valid Test 3i MAX overall SPL dBA; Ambient corrected value: dBA
Valid Test 4i MAX overall SPL dBA; Ambient corrected value: dBA

Right side average overall ambierrrected SPL = dBA

Quietest side of vehicldif same, select side used for analysis):
A Left (Driver) A Right (Passenger)
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DATA SHEET 6 (Sheet 3 of 4)
CONSTANT SPEEDPASSBY TEST (31+ 1km/h)

QUIETEST SIDE 1/30CTAVE BAND SPLs(dBA) FOR FOUR VALID TEST RUNS
(AMBIENT CORRECTED)

1/3 octave| Valid Valid Valid Valid

band cente] Testl | Test2 | Test3 | Test4 | Average| Minimum )

frequency, | corrected corrected| corrected corrected| corrected Requiredf Avg O
Hz SPL SPL SPL SPL SPL SPL SPL?
315 56.0 | Y AN
400 550 | YAN
500 570 | Y AN
630 570 | Y AN
800 580 |AY AN
1000 580 |AY AN
1250 59.0 | Y AN
1600 550 | YAN
2000 550 | YAN
2500 540 Y AN
3150 510 | YAN
4000 490 |AY AN
5000 470 | Y AN

FOUR-BAND PASSBY COMPLIANCE

Compare the average corrected SPL values ag#tireshinimum SPL requirement for each ene
third octave band. Determinkany four onethird octave bandmeetingthe required standard
are nonadjacent to each other AND that span a range of at least ninghingeoctave bands in
the range of 315 Hz to 5000 Hzomplete following table with one set of four 4hied octave
bands that meet these requirements.

Minimum
required SPL,
1/3 octave band center | Average correcte( dBA, for selected| Meets or Exceeds
frequency, Hz SPL, dBA band Standard
A Yes A No
A Yes i No
A Yes i No
A Yes i No

Four-band compliance result:Four noradjacent 1/3 octave bands spanning at least nine bands
meet the minimum SPLs on the quietest side of the véhicle 1 Yes i No
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DATA SHEET 6 (Sheet 4 of 4)
CONSTANT SPEED PASSBY TEST (31+ 1km/h)

TWO-BAND PASSBY COMPLIANCE

Compare the average corrected SRiluesand identify which on¢hird octave bandmeet the

minimum SPL requiremenselect the band with the highest SPL of the 31B@oH& bands,

and select the band with the highest SPL of the 1000 to 3150 Hz bands. The selected bands must
be nonadjacent AND span no fewer than three-timed octave bands in the range of 315 Hz to

3150 Hzlf the highest bands are the 800Hz and 1000kENds, examine the second highest

band in either range may be used if it meets all other requiren@oisplete following table

with one set ofwo onethird octave bands that meet these requiremantseachmeet the

minimum requirements

Minimum
1/3 octave band Average required SPL,
Frequency bnd | center frequency, corrected SPL dBA, for Meets or Exceed

range, Hz Hz dBA selected band Standard
315800 52.0 N Yes i No
10003150 52.0 A Yes i No

Calculate theBand sumof the onethird octave bands selected.
bOEwapni ¢ pm 7

BAND SUM = (Must be at le&2 dBA)
Two-band compliance result:Two 1/3 octave bands spanning at least three bands meet the

minimum SPLs and band sum requirements on the quietest side of theXehigl¥es i No

REMARKS:

Overall result for 31+ 1 km/h PASSBY: PASS if the quietest side maitherthe fourband or

two-band requirements.
4

N PASS R FAIL

RECORDED BY: DATE:

APPROVED BY: DATE:
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RELATIVE VOLUME CHANGE REQUIREMENT

Continued

DATA SHEET 7 (Sheet 1 of 5)

Stationary Test Data

Page67 of 74

Normalize the levels of the 13 etiird octave bands, andse these values talculate the

normalized band sum.

1/3 octave band
center frequency, Hi

Average corrected
SPL, dBA
(Data Sheet 2)

SPLs from
FMVSS 141
Table 1

Normalized
Band Level dB

315

39.0

400

39.0

500

40.0

630

40.0

800

41.0

1000

41.0

1250

42.0

1600

39.0

2000

39.0

2500

37.0

3150

34.0

4000

320

5000

310

Use the following equation to calculate the Normalized Band Sum

OEl AQadpENR d pt | C

Normalized Band Sum(Stationary Operating Scenario)

p T

dB




16. DATASHEETSé Conti nued Page68 of 74

DATA SHEET 7 (Sheet 2 of 5)
RELATIVE VOLUME CHANGE REQUIR EMENT

11+ 1 km/h Test Data

Normalize the levels of the 13 otlérd octave bands, and use these values to calculate the
normalized band sum.

Average corrected SPLs from
1/3 octave band SPL, dBA FMVSS 141 Normalized
center frequency, Hj (Data Sheet 4) Table 1 Band Level, dB
315 - 39.0 =
400 - 39.0 =
500 - 400 =
630 - 40.0 =
800 - 41.0 =
1000 - 410 =
1250 - 42.0 =
1600 - 39.0 =
2000 - 39.0 =
2500 - 37.0 =
3150 - 34.0 =
4000 - 320 =
5000 - 310 =

Use the follaving equation to calculate the Normalized Band Sum

01 AQadQpEm a pn | C p Tl

Normalized Band Sum(11 £ 1 km/hOperating Scenario) dB
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DATA SHEET 7 (Sheet 3 of 5)
RELATIVE VOLUME CHANGE REQUIREMENT

21+ 1 km/h Test Data

Normalize the levels of the 13 otlérd octave bands, and use these values to calculate the
normalized band sum.

Average orrected SPLs from
1/3 octave band SPL, dBA FMVSS 141 Normalized
center frequency, Hj (Data Sheet 5) Table 1 Band Level, dB
315 - 39.0 =
400 - 39.0 =
500 - 400 =
630 - 40.0 =
800 - 41.0 =
1000 - 410 =
1250 - 42.0 =
1600 - 39.0 =
2000 - 39.0 =
2500 - 37.0 =
3150 - 34.0 =
4000 - 320 =
5000 - 310 =

Use the following equation to calculate the Normalized Band Sum

01 AQadQpEm a pn | C p Tl

Normalized Band Sun (21 £ 1 km/hOperating Scenario) dB
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DATA SHEET 7 (Sheet 4 of 5)
RELATIVE VOLUME CHANGE REQUIREMENT

31+ 1 km/h Test Data

Normalize the levels of the 13 otlérd octave bands, and use these values to calculate the
normalized bad sum.

Average corrected SPLs from
1/3 octave band SPL, dBA FMVSS 141 Normalized
center frequency, Hj (Data Sheet 6) Table 1 Band Level, dB
315 - 39.0 =
400 - 39.0 =
500 - 400 =
630 - 40.0 =
800 - 41.0 =
1000 - 410 =
1250 - 42.0 =
1600 - 39.0 =
2000 - 39.0 =
2500 - 37.0 =
3150 - 34.0 =
4000 - 320 =
5000 - 310 =

Use the following equation to calculate the Normalized Band Sum

0E€1 AQACAEND & pi | C p T

Normalized Band Sum(31 £ 1 km/hH Operating Scenario) dB
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DATA SHEET 7 (Sheet 5 of 5)
RELATIVE VOLUME CHANGE REQUIREMENT

Critical Operating Speed Intervals
Between:

Stationary and 10 krfh
Normalized Band Sum 10 KM/H dBNormalized Band Sum Stationary dB
= Relative Volume Change dB
Rel ative VoldBme Chanyes ndo3
10 km/h and 20 km/h

Normalized Band Sum 20 KM/H tBlormaized Band Sum 10 KM/H dB

Relative Volume Change dB
Rel ative Volume ChaRyes q®o3dB ?

20 km/h and 30 km/h

Normalized Band Sum 30 KM/H tBlormalized Band Sum 20 KM/H dB

Relative VolumeChange dB
Rel ative Volume ChaRYes q®o3dB ?

REMARKS:

Overall result for relative volume change PASS if the relative volume change is greater than
or equal to 3dB in each of thieree critical operating scenario cpamisons above

4

N PASS R FAIL

RECORDED BY: DATE:

APPROVED BY: DATE:
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DATA SUMMARY SHEET

VEHICLE MAKE/MODEL/BODY STYLE:

VEHICLE NHTSA NO.: VIN:
VEHICLE TYPE: DATE OF MANUFACTURE:
LABORATORY:
REQUIREMENTS PASS/FAIL
Vehicle Stationary (Data Sheet 2) 7 PASS
Requirement for stationary AND directivity conditions; fdaand OR twe 5 FAIL
band alert sounds (S5.1.1, S5.1.1.2, S5.2) n
Reverse(Data Sheet 3) * PASS
Requirement for reverse condition; feuand OR tweband alert sounds r~] FAIL
(S5.1.2, S5.2) N
Constant PassBy Speeds Greater Than 0 km/h but Less Than 20 km/h
(Data Sheet 411 £ 1 km/l) n PASS
Requirement for constant speed pagsonditions; fourband OR tweband A FAIL
alert sounds. (S5.1.3, S5.2)
Constant PassBy Speeds Greater Than or Equal to 20 km/h but Less ~ _
Than 30 km/h (Data Sheet, 21 + 1 km/h n PASS
Requirement for constant speed pagsonditions; fowband ORwo-band 7 FAIL
n
alert sounds. (S5.1.4, S5.2)
Constant PassBy Speed at 30 km/HData Sheet,831 + 1 km/h 7 PASS
Requirement for constant speed phagsonditions; fowband OR tweband - FAIL
alert sounds. (S5.1.5, S5.2) n
Relative Vdume Change(Data Sheet 7) = PASS
Requirement for minimum change in volume from one critical operating r~] FAIL
condition to the next; fodpand OR tweband alert sounds (S5.4, Table 7) n
. . N PASS
OVERALL RESULT (PASS only if all sections above PASS) R FAIL

RECORDED BY: DATE:

APPROVED BY: DATE:
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17. FORMS

LABORATORY NOTICE OF TEST FAILURE TO OVSC

FMVSS NO.:141  TEST DATE LABORATORY:

CONTRACT NO.: DELV. ORDER NO:

LAB. PROJECT ENGI NEEROGS NAME:

TEST SPECIMEN DESCRIPTION:

VEHICLE NHTSA NO.: VIN:

PART NO.: MFR:

TEST FAILURE DESCRIPTION:

FMVSS REQUIREMENT, PARAGRAPH §

NOTIFICATION TO NHTSA COR):

DATE: BY:

REMARKS:
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MONTHLY TEST STATUS REPORT
FMVSS 141
DATE OF REPORT: Test Program:
Contract Number; Fiscal Year: Laboratory:
Vehicle Date
Date Initial Pass | Date of | Condition Final Vehicle
NHTSA No. Of Odometer Test Or Final Report Invoice | Invoice | Odometer Is
Delivery Reading Date Fail Report Date No. Date Reading | Disposed
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